Introduction
============

Neonatal hypoxic-ischemic brain damage (HIBD) can cause a variety of serious irreversible neurological sequelae, including cerebral palsy, epilepsy, delayed growth and development, cognitive impairment, intelligence disturbance, and even neonatal death ([@b1-etm-0-0-7487]). According to a large number of studies, the incidence rate of asphyxia in neonates during delivery is as high as 5% in China. Hypoxia ischemia encephalopathy occurs in approximately 100,000 neonates every year due to severe asphyxia during delivery ([@b1-etm-0-0-7487],[@b2-etm-0-0-7487]). However, there have been no effective means to improve a variety of severe neurological sequelae caused by perinatal hypoxia ischemia. Therefore, research and investigation of neonatal HIBD is of profound significance.

The pathogenesis of HIBD involves a wide range of pathological mechanism, which is the result of a series of lesions caused by various factors ([@b3-etm-0-0-7487]). It has been found that neuronal apoptosis plays an important role in the pathologic process of HIBD, which is closely related to the pathologic degree of HIBD. A large number of studies have confirmed that neuronal apoptosis is involved and plays an important role in the development process of immature brain and in the process of nervous system injury, such as cerebral hypoxia, ischemia and trauma ([@b4-etm-0-0-7487],[@b5-etm-0-0-7487]). Apoptosis involves a variety of factors, in which the caspase family plays a dominant role. Caspase-3, also known as the executing molecule that exerts an apoptotic function in various apoptotic pathways, is studied the most and clarified the most clearly ([@b6-etm-0-0-7487]--[@b8-etm-0-0-7487]). In this study, the mouse model of HIBD was constructed to study neuronal apoptosis and caspase-3 expression in brain tissues in HIBD, so as to lay an experimental foundation for further study on the mechanism of drugs.

Materials and methods
=====================

### Materials

A total of 25 neonatal CD1 mice aged 1 week were purchased from Nanjing Jiancheng Laboratory Animal Co., Ltd. (Nanjing, China). Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) apoptosis assay kit (S7165; Merck KGaA, Darmstadt, Germany), rabbit anti-mouse Fas ligand (FasL), caspase-3 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primary antibodies and horseradish peroxidase-labeled secondary antibody (Proteintech, Wuhan, China), reverse transcription-polymerase chain reaction (RT-PCR) kit (Ambion; Thermo Fisher Scientific, Inc., Waltham, MA, USA), DNA polymerase (Sigma-Aldrich, St. Louis, MO, USA), immunohistochemical staining kit SP-9001 (Beijing Zhongshan Goldenbridge Biotechnology Co., Ltd., Beijing, China), FasL and caspase-3 primers (synthesized by Shanghai GenePharma Co., Ltd., Shanghai, China), and Leica DMi8 fluorescence microscope (Leica Microsystems GmbH, Wetzlar, Germany) and ImageJ analysis software (NIH, Bethesda, MD, USA).

The present study was approved by the Ethics Committee of The Fifth Affiliated Hospital of Guangzhou Medical University (Guangzhou, China).

### Construction of mouse model of newborn hypoxia ischemia encephalopathy (NHIE)

Neonatal male CD1 mice (70--90 g) were randomly divided into sham-operation group (n=8) and NHIE model group (n=17). Mice in NHIE model group were treated as follows: First, after anesthesia via inhalation of isoflurane, a cervical median incision was made, the right common carotid artery was correctly separated and closed via electrocoagulation, and then the incision was sutured. After operation, mice were revived at room temperature, normally fed with breast milk and treated under hypoxia: NHIE mice were placed into a closed chamber at 37°C injected with nitrogen gas containing 5% CO~2~ and 8% O~2~. After 100 min, mice were taken and continued to be normally fed with breast milk. In sham-operation group, the incision was sutured after operation without hypoxia treatment and closure of common carotid artery.

### Detection of caspase-3 and FasL mRNA expression levels in brain tissues

The total RNA was extracted from brain tissues using TRIzol (Beyotime, Shanghai, China). After that, 1 µg RNA was taken from each group and reversely transcribed into complementary DNA (cDNA) according to instructions of the kit. Then caspase-3 and FasL primers were added, and caspase-3 and FasL mRNA expression levels were quantitatively detected via PCR, with GAPDH as the internal reference. Primer sequences of caspase-3, FasL and GAPDH are shown in [Table I](#tI-etm-0-0-7487){ref-type="table"}. Reaction conditions were as follows: at 94°C for 5 min, at 94°C for 30 sec, at 57°C for 30 sec, at 72°C for 30 sec, amplification for 30 cycles, and at 72°C for 5 min.

### Detection of caspase-3 and FasL protein expression levels in brain tissues via western blotting

Brain tissues were taken to extract the total protein according to instructions of the protein extraction kit, and the protein concentration was determined using bicinchoninic acid (BCA) method, followed by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). After electrophoresis, the protein was transferred onto a polyvinylidene fluoride (PVDF) membrane using the wet method, sealed with skim milk, and incubated with primary rabbit anti-mouse caspase-3, FasL and GAPDH monoclonal antibodies (dilution, 1:1,000; cat. nos. 19677-1-AP, 13098-1-AP and 10494-1-AP; Proteintech) at 4°C for 16 h. After the membrane was washed with TTBS, the HRP-labeled secondary goat anti-rabbit polyclonal antibody (dilution, 1:1,200; cat. nos. SA00001-2; Proteintech) was added and the mixture was shaken at 20°C for 2 h, followed by image development via electrochemiluminescence (ECL) in a darkroom and photography. Finally, the protein band was analyzed using Image Lab 4.0.1 software (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

### Immunohistochemical detection of caspase-3 protein expression in brain tissues

The detection was performed as follows according to instructions of the immunohistochemical staining kit SP-9001: After the paraffin-embedded sections were deparaffinized, the endogenous peroxidase activity was eliminated using hydrogen peroxide, and the citrate buffer was used for antigen retrieval. Then sections were sealed with 10% goat serum and added with primary antibody (diluted at 1:100) in a refrigerator at 4°C overnight. After sections were washed with phosphate-buffered saline (PBS), they were incubated with secondary antibody and washed again with PBS 15 min later, followed by color development via diaminobenzidine (DAB), hematoxylin counterstaining and photography under the microscope.

### Detection of apoptosis in brain tissues

At 3 days after modeling, mice were anesthetized with 4% isoflurane, and the brain was immediately taken from 3 mice in each group. The brain was fixed in 4% paraformaldehyde solution, washed with PBS and sliced into 30 µm sections, and then sections were fixed in 1% paraformaldehyde solution to be used in subsequent experiments. Brain tissue sections ([@b3-etm-0-0-7487]--[@b5-etm-0-0-7487]) were randomly taken from each group and treated according to instructions of the TUNEL assay kit, followed by observation and photography under the fluorescence microscope. Red-labeled cells were TUNEL-positive cells, namely apoptotic cells.

### Statistical analysis

Data in this study are presented as mean ± standard deviation (mean ± SD). SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) and one-way analysis of variance (ANOVA) were adopted for data processing. P≤0.05 was considered to indicate a statistically significant difference.

Results
=======

### Caspase-3 and FasL mRNA expression levels in brain tissues

Results of RT-PCR revealed that compared with those in sham-operation group, the caspase-3 and FasL mRNA expression levels in NHIE model group were significantly increased (P\<0.01), indicating that caspase-3 and FasL mRNA expression levels have a certain association with hypoxia ischemia in brain tissues ([Fig. 1](#f1-etm-0-0-7487){ref-type="fig"}).

### Caspase-3 and FasL protein expression levels in brain tissues

Results of western blotting showed that caspase-3 and FasL protein expression levels in NHIE model group were obviously increased compared with those in sham-operation group (P\<0.01), suggesting that caspase-3 and FasL protein expression levels have a certain association with hypoxia ischemia in brain tissues ([Fig. 2](#f2-etm-0-0-7487){ref-type="fig"}).

### Detection of neuronal apoptosis in brain tissues via TUNEL

The number of TUNEL-positive cells in brain tissues in NHIE model group was obviously increased compared with that in sham-operation group, indicating that hypoxia ischemia can lead to neuronal apoptosis ([Fig. 3](#f3-etm-0-0-7487){ref-type="fig"}).

### Immunohistochemical detection of caspase-3 protein expression in brain tissues

Compared with that in sham-operation group, brain tissues in NHIE model group were stained significantly and the caspase-3 protein expression was remarkably increased, suggesting that hypoxia ischemia can lead to the significant upregulation of caspase-3 protein expression ([Fig. 4](#f4-etm-0-0-7487){ref-type="fig"}).

Discussion
==========

At present, neonatal HIBD is still the main cause of neonatal death and a variety of severe neurological sequelae, whose pathogenesis involves various factors and pathological changes. Therefore, there is still a lack of effective prevention and treatment means in clinic.

In the pathological mechanism of neonatal HIBD, important factors leading to neuronal damage include accumulation of excitatory amino acid, oxidative stress and apoptosis. The most serious damage in the process of HIBD is neuronal apoptosis, and caspase-3 and Bcl-2 are important proteins executing apoptosis, which have significantly increased expression levels in the process of hypoxia ischemia and play important roles in pathogenesis ([@b9-etm-0-0-7487],[@b10-etm-0-0-7487]). The final result of various pathways leading to cell damage is irreversible apoptosis, so protecting neurons and inhibiting apoptosis are the most effective treatment means for neonatal HIBD ([@b11-etm-0-0-7487]). Reports have demonstrated that the apoptosis process includes transmission of apoptotic signals and execution of apoptosis command. During the signal transmission, the activation of caspase family is realized through the following pathways. In the endogenous pathway, also known as the mitochondrial pathway, cytochrome *c* in the mitochondria is released into the cytoplasm and interacts with activator-1 to activate caspase-9. In the exogenous pathway, also known as the death receptor pathway, the signaling molecules will activate the death receptor on the surface of cytoplasmic membrane to activate caspase-8. In the endoplasmic reticulum pathway, endoplasmic reticulum stress will be produced when cells are stimulated, ultimately activating caspase-9 ([@b12-etm-0-0-7487],[@b13-etm-0-0-7487]). The caspase family is the core in the apoptosis process. Caspase is stored in the cytoplasm in the form of zymogen after being synthesized, and a chain reaction occurs after caspase receives related signal commands, so that caspase is cleaved and activated, further leading to signaling cascade amplification and activating a variety of downstream proteases, thereby initiating multiple apoptotic pathways. Cleavage of caspase is a reversible process, while activation of caspase-3 is an irreversible process, and caspase-3 is the executor of the final apoptotic signal ([@b14-etm-0-0-7487]). Therefore, inhibiting activation or reversible stage of caspase-3 can effectively inhibit apoptosis, thereby alleviating the pathological changes of HIBD. In the Fas signaling pathway, Fas and its ligand FasL exert the function, the latter of which, as a transmembrane protein, mediates apoptosis when its expression is increased through binding to Fas ([@b15-etm-0-0-7487]).

In this study, the mRNA and protein expression levels of caspase-3 and FasL in neonatal mice in model group were significantly increased. TUNEL results manifested that the number of apoptotic neurons in model group was significantly increased. Results of immunohistochemical detection showed that the caspase-3 expression in model group was obviously increased. Similarly, there are reports that the activation and expression of caspase-3 are remarkably increased within a short period of time after intracerebral and extracerebral injury. The activity and protein expression of caspase-3 were downregulated obviously in the experiment about the effect of endogenous caspase inhibitor or exogenous caspase inhibitor on the transcription level ([@b16-etm-0-0-7487],[@b17-etm-0-0-7487]). In addition, some studies have demonstrated that the activity and expression of caspase-3 in brain tissues are significantly increased in neonatal HIBD mice, and inhibiting the caspase-3 expression level can prevent neuronal apoptosis. Therefore, inhibiting caspase-3 expression plays a role in protecting nerve cells ([@b18-etm-0-0-7487]--[@b20-etm-0-0-7487]).

In conclusion, the mouse model of neonatal HIBD was constructed in this study to investigate apoptosis and caspase-3 expression in brain tissues, and it was found that hypoxia ischemia could lead to significant increase of caspase-3 expression and increase of neuronal apoptosis in the brain of neonatal mice, thus laying an experimental foundation for further study on the mechanism of drugs.
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###### 

RT-PCR primer sequences and gene silencing sequences.

  Genes       Primer sequence
  ----------- ---------------------------------
  Caspase-3   F: 5′-TGCGTGTGGAGTATTTGGATG-3′
              R: 5′-TGGTACAGTCAGAGCCAACCTC-3′
  FasL        F: 5′-TGGGATGCCTTTGTGGAAC-3′
              R: 5′-CATATTTGTTTGGGGCAGGTC-3′
  GAPDH       F: 5′-ATGGCACCGTCAAGGCTGAG-3′
              R: 5′-GCAGTGATGGCATGGACTGT-3′

F, forward; R, reverse.
